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ONE WIRE PARASITE POWER SWITCH 
CONTROL CIRCUIT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The application claims priority to U.S. Provisional Patent 
Application No. 62/137,660, entitled “One Wire Parasite 
Power Switch Control Circuit', filed Mar. 24, 2015, which 
application is hereby incorporated herein by reference in its 
entirety. 

BACKGROUND 

A. Technical Field 
The present invention relates generally to an active power 

switch control circuit and method for its implementation for 
one-wire applications. 

B. Background of the Invention 
In one-wire applications, a power management unit 

assists in maintaining the communication between an elec 
tronic device and an external source via a one-wire I/O 
interface. The one-wire I/O interface may serve as input 
port, output port and power Supply port. Typically, the 
external source can only supply power when the input signal 
to the I/O interface is high. For optimum power manage 
ment, properly turning off the power Supply is necessary to 
prevent leakage when the external input signal is lower than 
the internal voltage level. 

Various efforts have been made to improve the power 
Switch controlling methods available for one-wire applica 
tions. In one example, a controllable Switch may be coupled 
between the electronic device and the external source. The 
controllable switch may be switched on/off depending on a 
result from a comparison between the input Voltage from the 
external source and an internal Voltage within the electronic 
device. When the input voltage from the external source is 
below the internal voltage, the controllable switch is 
switched OFF to current flowing back toward the external 
source. To Switch off the controllable switch, at least one 
threshold Voltage difference is required, which may cause 
the power loss too large for desired power management 
performance. 

It would be desirable to implement improved voltage 
comparison and Switch control to reduce power loss within 
one-wire applications. 

SUMMARY OF THE INVENTION 

Embodiments of the invention relate to an active power 
switch control circuit and method for its implementation for 
one-wire applications. 

In various embodiments, a power Switch control circuit is 
provided for power management of one-wire communica 
tion between an electronic device and an external source. 
The electronic device may be a portable electronic apparatus 
or an accessory. The circuit comprises a controllable Switch 
coupled between an input node and an internal power node. 
During operation, the input node connects to an external 
Source for one-wire I/O communication. The signals of the 
input node and the internal power node are fed into a 
comparator for Voltage comparison and power loss sensing. 
The output of the comparator is utilized to switch ON/OFF 
the Switch. Furthermore, a watchdog circuit is incorporated 
within the control circuit to pull down the input node 
periodically to detect Small leakage current when the input 
node is floating. 
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2 
In these certain embodiments and during normal opera 

tion, the one wire I/O is shared for both signal path and 
power path. A large capacitor is coupled to the power node 
to reserve energy for the electronic device. The comparator 
is utilized to sense the voltage difference between the input 
node and the power node. The controllable switch is turned 
off when the input node voltage is pulled low. In some 
embodiments, a diode is incorporated with the power switch 
control circuit and is utilized during the initial power up 
stage to ensure the power flowing into the electronic device 
when the input node Voltage is not enough for comparator 
operation. 

In certain operation conditions, the input node is floating 
and a small current leakage may happen, even though the 
internal input node may have high impedance to ground. The 
Small leakage current may cause unnecessary power loss 
from the electronic device, especially when the controllable 
switch is still ON. When the current leakage is below a 
certain threshold, the comparator may not identify the volt 
age difference between the input node and the power node 
and will not switch OFF the controllable switch. Therefore, 
the power loss is therefore not prevented. To prevent power 
loss under the above scenario, a watchdog circuit is incor 
porated within the control circuit to periodic generate a 
Small pulse to enable a small current Source pulling the 
external node down. During normal operation, the external 
power is much stronger than the pulling-down current 
source, so that the operation will not be affected. When the 
input node is floating, the pulling-down current can induce 
a quick Voltage drop to enable the comparator turning off the 
controllable switch, and thus prevent power loss. 

In some embodiments, the watchdog circuit has a ring 
oscillator designed to provide clock signal for the generation 
of periodic current pulses. A frequency divider may be 
incorporated to lower the frequency of the clock prevent 
excessive power consumption from the periodic current 
pulses. The ON period of the pulses may be adjusted for 
optimized Switch control implementation with minimized 
power consumption. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Reference will be made to exemplary embodiments of the 
present invention that are illustrated in the accompanying 
figures. Those figures are intended to be illustrative, rather 
than limiting. Although the present invention is generally 
described in the context of those embodiments, it is not 
intended by So doing to limit the scope of the present 
invention to the particular features of the embodiments 
depicted and described. 

FIG. 1 is a schematic diagram of an electronic device in 
communication with an external source via a one-wire I/O 
interface in accordance with an embodiment of the present 
invention. 

FIG. 2 is an exemplary schematic diagram of a power 
control circuit according to various embodiments of the 
invention. 

FIG.3 is an exemplary block diagram of a floating control 
circuit according to various embodiments of the invention. 

FIG. 4 is an exemplary Schematic diagram of a compara 
tor of the power control circuit according to various embodi 
ments of the invention. 

FIG. 5 is an exemplary Schematic diagram of a compara 
tor of the power control circuit according to various embodi 
ments of the invention. 
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FIG. 6 is a simulated transition response of the featured 
comparator according to various embodiments of the inven 
tion. 
One skilled in the art will recognize that various imple 

mentations and embodiments of the invention may be prac 
ticed in accordance with the specification. All of these 
implementations and embodiments are intended to be 
included within the scope of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In the following description, for the purpose of explana 
tion, specific details are set forth in order to provide an 
understanding of the present invention. The present inven 
tion may, however, be practiced without some or all of these 
details. The embodiments of the present invention described 
below may be incorporated into a number of different 
electrical components, circuits, devices, and systems. Struc 
tures and devices shown in block diagram are illustrative of 
exemplary embodiments of the present invention and are not 
to be used as a pretext by which to obscure broad teachings 
of the present invention. Connections between components 
within the figures are not intended to be limited to direct 
connections. Rather, connections between components may 
be modified, re-formatted, or otherwise changed by inter 
mediary components. 
When the specification makes reference to “one embodi 

ment' or to “an embodiment, it is intended to mean that a 
particular feature, structure, characteristic, or function 
described in connection with the embodiment being dis 
cussed is included in at least one contemplated embodiment 
of the present invention. Thus, the appearance of the phrase, 
“in one embodiment,” in different places in the specification 
does not constitute a plurality of references to a single 
embodiment of the present invention. 

Various embodiments of the invention are used for power 
Switch control for power management in one-wire commu 
nication between an electronic device and an external 
source. The electronic device may be a portable electronic 
apparatus, an accessory or the like. The circuit comprises a 
controllable Switch coupled between an input node and an 
internal power node. During operation, the input node 
connects to an external source for one-wire I/O communi 
cation. The signals of the input node and the internal power 
node are fed into a comparator for Voltage comparison and 
power loss sensing. The output of the comparator is utilized 
to switch ON/OFF the switch. Furthermore, a watchdog 
circuit is incorporated within the control circuit to pull down 
the input node periodically to detect Small leakage current 
when the input node is floating. 

FIG. 1 shows a schematic diagram of an electronic device 
10 in communication with an external source 20 via a 
one-wire I/O interface 102 according to various embodi 
ments of the invention. The one-wire I/O interface 102 may 
be referred as an input node to receive an input signal 22 
from the external source 20, an output node or a power 
Supply node only. The input signal typically comprises data 
and a first power signal with a first voltage level. A power 
control circuit 100 couples between the one-wire I/O inter 
face 102 and an internal power node 104 providing a second 
power signal with a second Voltage level. A signal process 
ing circuit 106 couples to the one-wire I/O interface 102 for 
signal communication with the external source 20. The 
signal processing circuit 106 may be an IC circuit, a pro 
grammable logic circuit containing an electronic algorithm, 
a processor, or any circuit that is to be operated using power 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
extracted from the input signal 22, Such as the second power 
signal from internal power node 104. 
The external source 20 may be a computer device, a 

laptop, a portable media player, such as a MP3 player, a 
smart phone, etc. The electronic device 10 may be an 
electronic device Supporting one-wire communication. In 
one embodiment, the electronic device 10 is an audio 
accessory Such as a microphone, a headphone, loudspeakers, 
an audio amplifier, or the like. In another embodiment, the 
one-wire interface 102 may be incorporated as one port of a 
communication interface having multiple ports. 

FIG. 2 illustrates an exemplary Schematic diagram of a 
power control circuit according to various embodiments of 
the invention. The power control circuit 100 comprises a 
controllable switch 110 coupled between the one-wire inter 
face 102 (functioned as input node) and the internal power 
node 104, an comparator 120, a storage capacitor 170 
coupled to the internal power node 104. The comparator 120 
takes inputs from the input node 102 and internal power 
node 104, and generates an output signal to control the 
controllable switch 110. If the comparator 120 senses that 
the voltage at the input node 102 is larger or equal to the 
voltage of the voltage at the internal power node 104, it 
outputs a signal to turn ON the switch 110 to pass the input 
voltage signal to the internal power node 104. If the voltage 
at the input node 102 is less than the voltage of the voltage 
at the internal power node 104, the comparator 120 outputs 
a signal to turn OFF the switch 110 to disallow current to 
flow from the internal power node 104 back toward the input 
node 102. The storage capacitor 170 couples to the internal 
power node 104 and is charged by the input signal 22 to store 
energy. When the switch 110 is OFF, the storage capacitor 
170 provides stored energy to power internal circuits of the 
electronic device. Such as the comparator 120 and the signal 
processing circuit 106, etc. 

In one embodiment, the controllable switch is a P-channel 
transistor, which has almost no voltage drop when the 
transistor is ON. In another embodiment, a diode 130 is 
connected to the controllable switch 110 in parallel. The 
diode ensures that, during the initial power up stage, when 
the Voltage of the input signal 22 is not enough to power the 
comparator 120, the input power is able to flow into the 
internal power node 104 via the diode. Once the controllable 
switch 110 is turned on, the diode 130 is basically off 
because the Switch has almost no voltage drop. Such 
arrangement ensures no Voltage loss after the Switch 110 is 
turned ON. 

In one embodiment, the power control circuit 100 further 
comprises a current source 160, a second controllable switch 
150 and a floating control circuit 140. The current source 
160 couples to the input node 102 and also to ground via the 
second controllable switch 150. The floating control circuit 
140 outputs a control signal to switch off the power switch 
110, and Switch ON the second controllable switch 150. 
When the input node is floating, a small current leakage 
from the input node 102 may happen. Since the leakage is 
So Small, internal power node 104 may track the input node 
102 very well when the switch 110 is ON. In that case, the 
comparator 120 may not be able to differentiate the voltage 
different and to switch off the switch 110 to prevent power 
loss. To avoid such power loss, the floating control circuit 
140 generates periodic small pulses to switch ON the second 
controllable switch 150 to allow pulling-down current pulses 
from the current source 160. The pulling-down current 
pulses is very limited in energy and therefore its influence to 
the normal operation (when the input node is powered) is 
negligible. However, when the input node 102 is floating, the 
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pulling-down current pulses may induce a quick Voltage 
drop toward the input node to enable the comparator to 
operate and turn off the controllable switch 110. By doing so, 
the power loss due to small current leak is prevented. 

FIG. 3 is an exemplary block diagram of floating control 
circuit operation according to various embodiments of the 
invention. The floating control circuit comprises a ring 
oscillator 142, a frequency divider 144 and a one-shot circuit 
146. The ring oscillator 142 provides a clock signal 152 to 
the frequency divider 144 for the generation of an adjusted 
clock signal 154 with a desired or predetermined frequency. 
The one-shot circuit 146 receives the adjusted clock signal 
154 and generates periodic small pulses 156 with predeter 
mined pulse ON time. The periodic small pulses 156 are 
applied to the voltage controlled current source 160 (via the 
second controllable switch 150) to turn ON or OFF the 
pulling-down current pulses 158. 

FIG. 4 is an exemplary block diagram of a comparator of 
the power control circuit according to various embodiments 
of the invention. Referring to FIG. 4, a comparison stage 210 
receives signals from both the input node 102 and internal 
power node 104 for Voltage comparison. In certain embodi 
ments of the invention, this comparison stage 220 receives 
a first bias signal 245 from first bias stage 240, which also 
powered by the internal power node 104. The first bias signal 
245 facilitates the operation of the comparison stage 210 for 
fast processing the Voltage difference between the input 
node 102 and internal power node 104. A second bias stage 
250, also powered by the internal power node 104, provides 
a second bias signal to the first inverter stage 220 to facilitate 
the operation of the first inverter stage 220 for fast process 
1ng. 
The output 215 of the comparison stage 210 is provided 

to a first inverter stage 220. The output 225 on the first 
inverter stage 220 is provided to the second inverter stage 
230 to generate a final output 235 representing the opposite 
logic-level to the output 225 to switch ON/OFF the first 
controllable switch 110. The final output 235 is also fed back 
to the first bias stage 240 and used to control the generation 
of the first bias signal 245. 

FIG. 5 shows an exemplary schematic diagram of a 
comparator of the power control circuit according to various 
embodiments of the invention. The comparator 120 takes 
inputs from the input node 102 and internal power node 104, 
and generates an output signal (PG) 235 to switch ON/OFF 
the controllable switch 110 (not shown in FIG. 5). 

Transistor P3 211, P4 212, N2213 and N3214 form the 
comparison stage. The transistors P3 and P4 couple to the 
input node 102 and internal power node 104 respectively. 
The transistors N2 and N3 function as current mirrors of the 
transistors P3 and P4 respectively. The voltage VC at the 
joint point of transistors P4 and N3 is extracted as compari 
son stage output voltage 215. If the input node 102 has a 
voltage higher than the internal power node 104, the voltage 
VC (output voltage 215) is decreased. On the other side, if 
the input node 102 has a voltage lower than the internal 
power node 104, the voltage VC (output voltage 215) is 
increased. 

Transistor P1 241, N1 244, current source I3 242 and I1 
243 form the first bias stage 240. The output signal (PG) 235 
of the comparator is fed back to the gate of the transistor P1 
241 to switch ON/OFF of the transistor 241 for engaging/ 
disengaging the current source I3, which has higher current 
rating than current source I1. Current source I3 242 is 
connected to current source I1 243 in parallel via the 
transistor P1 241. When the output signal (PG) 235 is high, 
the first controllable switch 110 is OFF to prevent power 
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6 
loss. At the same time, transistor P1 241 is also OFF to 
disengage the current source I1 from the internal power node 
104 to prevent power drainage. Current sources I1 and I3 
bias the transistor N1244 and generates a Voltage on the gate 
of transistor N1 (functioning as a current mirror). The gate 
voltage is the first bias signal 245 and also applied to the 
gates of transistors N2 and N3. 

Transistor P5 221 and N4222 form the first inverter stage 
220, which is powered by the second bias stage 250. The 
first inverter stage 220 takes the output 215 from the 
comparison stage 210 and provides an output 225 (PGB) to 
the second inverter stage 230. 

Transistor P2251, current source I4 252 and I2 253 form 
the second bias stage 250. The output signal (PG) 235 of the 
comparator is fed back to the gate of the transistor P2251 
to switch ON/OFF of the transistor 251 for engaging/ 
disengaging the current source I4, which has higher current 
rating than current source I2. Current source I4 252 is 
connected to current source I2 253 in parallel via the 
transistor P2251. When the output signal (PG) 235 is high 
to switch OFF the first controllable switch 110, transistor P1 
241 is also OFF to disengage the current source I4 from the 
internal power node 104 to prevent power drainage. Current 
Sources I2 and I4 generate a Voltage on the Source of 
transistor P5 221 to facilitate the operation of the first 
inverter 220. 

Transistor P6 231 and NS 232 form the second inverter 
stage 230, which is powered by internal power node 104. 
The second inverter stage 230 takes the output 225 from the 
first inverter stage 220 and provides the final output 235 
(PG) to switch ON/OFF the first controllable switch 110 and 
to provide feedback to the first and second bias stages. 
The comparator 120 outputs a high output signal (PG) 235 

when the voltage of the input node 102 is higher than the 
internal power node 104. When the voltage of the input node 
102 drops below the internal power node 104, the compara 
tor 120 needs to quickly generate a high output signal (PG) 
235 to switch off the first controllable switch 110 to prevent 
power loss. Before the output signal (PG) 235 turns high, the 
transistors P1 and P2 remain ON to allow the current source 
I3 and I4 continuing operation. The higher current ratings of 
the current sources I3 and I4 enable the comparator to 
generate the high output signal (PG) 235 faster to quickly 
Switch OFF the first controllable Switch 110. 

In one embodiment, the output 225 from the first inverter 
stage 220 is coupled to the input node 102 via a coupling 
capacitor 260. The coupling capacitor 260 is much smaller 
in capacitance than the storage capacitor 170. Such that the 
energy dissipation on the coupling capacitor 260 has negli 
gible or little influence on the energy stored within the 
storage capacitor 170. This coupling provides additional 
means to generate desired final output signal 235. The 
coupling capacitor 260 may also effectively reduce the 
switch 110 turn-off time. 

FIGS. 4 and 5 illustrate examples of a comparator in 
accordance with various embodiments of the present inven 
tion. One skilled in the art will recognize that numerous 
different circuit implementations may be used in which bias 
stage output is used to control the comparison stage in 
relation to changes of the input voltage signals of the 
comparator, and using the bias signals for faster comparator 
operation compared to the case of no bias stages. 

FIG. 6 is a simulated transition response of the featured 
comparator according to various embodiments of the inven 
tion. The input node Voltage starts to decrease at 50 LS 
moment. The power control circuit with the featured com 
parator as shown in FIG. 5 switches OFF the switch faster 
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than a power control circuit without the featured comparator. 
As a result, the internal power node Voltage remains 
approximately 1V higher for the power control circuit with 
the featured comparator, and therefore is able to power the 
electronic device longer when the input node has a low 
Voltage (a logic low) input. 
The foregoing description of the invention has been 

described for purposes of clarity and understanding. It is not 
intended to limit the invention to the precise form disclosed. 
Various modifications may be possible within the scope and 
equivalence of the application. 

The invention claimed is: 
1. An electronic device for active power control, the 

electronic device comprising: 
an input node on which data and a first power signal is 

received; 
an internal power node that provides a second power 

signal; 
a power control circuit coupled to the input node and the 

internal power node, the power control circuit isolates 
the input node from the internal power node in response 
to a first Voltage level on the first power signal being 
below a second Voltage level on the second power 
signal, the power control circuit further detects when 
the input node transitions to a floating state and in 
response isolates the input node from the internal 
power node; and 

a signal processing circuit coupled to the input node, the 
signal processing circuit processes at least a portion of 
the data received on the input node. 

2. The electronic device of claim 1 wherein the power 
control circuit comprises: 

a comparator coupled to the input node and the internal 
power node, the comparator receives the first power 
signal and the second power signal and generates an 
output signal based on a comparison of the first and 
second power signals; and 

a first controllable switch coupled to receive the output 
signal, the first controllable switch prevents current 
from flowing from the internal power node to the input 
node when the first Voltage signal has a Voltage level 
below the second power signal. 

3. The electronic device of claim 2 further comprises: 
a current source coupled to the input node, the current 

Source generates pulling-down current pulses; 
a floating control circuit that generates a control signal, 

the control signal having periodic Small pulses; and 
a second controllable switch coupled to the current source 

and the floating control circuit, the second controllable 
Switch allows periodic pulling down current pulses 
from the current source, the periodic pulling down 
current pulses induce a Voltage drop on the input node 
in response to the input node transitioning to a floating 
State. 

4. The electronic device of claim 3 wherein the voltage 
drop enables the comparator to turn off the first controllable 
switch. 

5. The electronic device of claim 3 wherein the floating 
control circuit comprises a ring oscillator, a frequency 
divider and a one-shot circuit, the ring oscillator providing 
a clock signal to the frequency divider for the generation of 
an adjusted clock signal with a predetermined frequency, the 
one-shot circuit receiving the adjusted clock signal and 
generating the periodic Small pulses. 

6. The electronic device of claim 3 wherein the compara 
tor comprises: 
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8 
a comparison stage coupled to the input node and the 

internal power node for Voltage comparison; 
a first inverter stage receiving an output from the com 

parison stage; and 
a second inverter stage receiving an output from the first 

inverter stage and generating the output signal of the 
comparator to control the first controllable switch. 

7. The electronic device of claim 6 wherein the compara 
tor further comprises a first bias stage coupled to both the 
internal power node and the output signal from the second 
inverter stage, the first bias stage outputting a first bias signal 
to the comparison stage to facilitate the Voltage comparison. 

8. The electronic device of claim 6 wherein the compara 
tor further comprises a second bias stage coupled to both the 
internal power node and the output signal from the com 
parator, the second bias stage outputting a second bias signal 
to the first inverter stage to facilitate an operation of the first 
inverter stage. 

9. The electronic device of claim 1 further comprises a 
diode coupled between the input node and the internal power 
node to allow current flow from the input node to the internal 
power node only. 

10. A method for active power control of an electronic 
device, the method comprising: 

identifying an input node and an internal power node 
within the electronic device, the input node receiving 
data and a first power signal, the internal power node 
providing a second power signal; 

isolating the input node from the internal power node in 
response to a first voltage level on the first power signal 
below a second Voltage level on the second power 
signal; and 

detecting when the input node transitions to a floating 
state and in response isolates the input node from the 
internal power node. 

11. The method of claim 10 wherein: 
a comparator receives the first power signal and the 

second power signal and generates an output signal 
based on a comparison of the first and second power 
signals; and 

a first controllable switch prevents current from flowing 
from the internal power node to the input node when 
the first voltage signal has a voltage level below the 
second power signal. 

12. The method of claim 11 further comprises: 
coupling a current source coupled to the input node, the 

current source generates pulling-down current pulses; 
coupling a second controllable Switch to the current 

source, the second controllable switch allows periodic 
pulling down current pulses from the current source, 
the periodic pulling down current pulses induce a 
Voltage drop on the input node in response to the input 
node transitioning to a floating state. 

13. The method of claim 12 wherein the voltage drop 
enables the comparator to turn off the first controllable 
switch. 

14. The method of claim 12 wherein the floating control 
circuit comprises a ring oscillator, a frequency divider and a 
one-shot circuit, the ring oscillator providing a clock signal 
to the frequency divider for the generation of an adjusted 
clock signal with a predetermined frequency, the one-shot 
circuit receiving the adjusted clock signal and generating the 
periodic Small pulses. 

15. The method of claim 11 wherein the comparator 
comprises at least one bias stage coupled to both the internal 
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power node and the output from the comparator, the at least 
one bias stage providing at least one bias signal to facilitate 
the comparator operation. 

16. A voltage comparator comprising 
a comparison stage receiving inputs from a first node and 

a second node for Voltage comparison; 
a first inverter stage receiving an output from the com 

parison stage; 
a second inverter stage receiving an output from the first 

inverter stage and generating a comparator output; and 
a first bias stage coupled to both the first node and the 

comparator output, the first bias stage outputting a first 
bias signal to the comparison stage to facilitate the 
comparison stage operation. 

17. The voltage comparator of claim 16 wherein the 
comparator further comprises a second bias stage coupled to 
both the first node and the comparator output, the second 
bias stage outputting a second bias signal to the first inverter 
stage to facilitate the first inverter stage operation. 

18. The voltage comparator of claim 16 wherein the 
second inverter stage is powered from the second node. 

19. The voltage comparator of claim 16 wherein the 
comparator further comprises a coupling capacitor coupled 
between the first node and the first inverter stage output. 
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